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© A flat, cold-cathode electron emitter (30) includ- 
ing a substrate (33) having a relatively flat surface 
with a low work function electron emission material 
layer (34) for emitting electrons supported on the 
surface of the substrate. A contact conductive layer 
(35) is disposed on the electron emission material 
layer (34) and defines an aperture (37) therethrough. 
An insulating layer (38) is disposed on the contact 
conductive layer (35) and has an aperture (39) de- 
fined therethrough coextensive and in peripheral 
alignment with the aperture (37) in the contact con- 
ductive layer (35) and a conductive gate layer (40) is 
disposed on the insulating layer (38). The contact 
conductive layer (35) forms the field potential so that 
emission occurs substantially in the center of the 
aperture (37). 
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Field of the Invention 

This invention relates generally to cold cathode 
emission devices and more particularly to diamond 
material electron emitters and similar emitters us- 5 
ing low work function material. 

Background of the Invention 

Cold cathode electron emitters include primar- 
ily field emission devices which originally required 
a very sharp tip to raise the field at the surface of 
the tip sufficiently to cause electrons to be drawn 
off, or emitted. Generally, an extraction electrode is 
formed in the plane of the tip and positioned to 
completely surround the tip to provide the extrac- 
tion potential between the tip and the extraction 
electrode- The major problem with these devices is 
the difficulty in fabricating the very sharp tip. Fur- 
ther, once the tip is fabricated there is a tendency 
for the tip to degenerate, or lose particles, as the 
field emission device is operated. 

To solve these problems, there has been a 
movement toward utilizing low work function ma- 
terial in the emitter. In some instances, such as 
utilizing a diamond emitter, the emitter can actually 
be constructed in a flat configuration while still 
providing a required amount of electron emission 
with the application of a reasonable potential. Ex- 
amples of such structures are disclosed in U.S. 
Patent No. 5,283,501, entitled "Electron Device 
Employing a Low/Negative Electron Affinity Elec- 
tron Source", and assigned to the same assignee. 

A problem also exists in these low work func- 
tion devices in that there is too much extraction 
grid current. When a sharp tip is utilized, the emis- 
sion is automatically at the center of the emitter 
and it is only necessary to focus the electron 
stream before it strikes an anode/screen. When a 
flat emitter is utilized, the electrons can be emitted 
from the surface anywhere in the field and, con- 
sequently, a large portion of the emitted electrons 
flow directly to the extraction electrode. The extrac- 
tion electrode current greatly reduces the efficiency 
and operating characteristics of the device. 

Accordingly, there exists a need for a flat cold 
cathode device which overcomes at least some of 
these shortcomings of the prior art. 

It is one purpose of the present invention to 
provide a new and improved cold cathode electron 
emitter using patterned metal for electron emission 
control. 

It is another purpose of the present invention to 
provide a new and improved cold cathode electron 
emitter in which extraction electrode current is sub- 
stantially reduced. 

It is still another purpose of the present inven- 
tion to provide a new and improved cold cathode 



electron emitter in which dielectric and, hence, 
device breakdown is reduced. 

It is yet another purpose of the present inven- 
tion to provide a new and improved cold cathode 
electron emitter in which electron injection into 
surrounding dielectrics is reduced or eliminated. 

It is a further purpose of the present invention 
to provide a new and improved cold cathode elec- 
tron emitter with improved operating characteristics 



10 and efficiency. 

Summary of the Invention 

The above problems and others are substan- 
15 tially solved and the above purposes and others 
are met through provision of a flat, cold-cathode 
electron emitter including a substrate having a rela- 
tively flat surface with a low work function electron 
emission material layer for emitting electrons sup- 
20 ported on the surface of the substrate. A contact 
conductive layer is disposed on the electron emis- 
sion material layer and defines an aperture thereth- 
rough. An insulating layer is disposed on the con- 
tact conductive layer and has an aperture defined 
25 therethrough approximately coextensive and in pe- 
ripheral alignment with the aperture in the contact 
conductive layer and a conductive gate layer is 
disposed on the insulating layer. The contact con- 
ductive layer forms the field potential so that emis- 
30 sion occurs substantially in the center of the ap- 
erture. 

Brief Description of the Drawings 

35 FIG. 1 is a partial side elevational schematic 
representation of an embodiment of a flat field 
emission display; 

FIG. 2 is a graphical representation of the spatial 
field strength versus position in the structure of 
40 FIG. 1; 

FIG. 3 is a partial side elevational schematic 
representation of an embodiment of a flat field 
emission display in accordance with the present 
invention; 

45 FIG. 4 is a graphical representation of the spatial 
field strength versus position in the structure of 
FIG. 3; 

FIG. 5 is a simplified schematic computer sim- 
ulation of one half of a cross-section of the 
so structure of FIG. 3; 

FIG. 6 is a partial side elevational schematic 
representation of another embodiment of a flat 
field emission display in accordance with the 
present invention; 
55 FIG. 7 is side elevational schematic representa- 

tion of a flat field emission display, reduced in 
size and greatly simplified, in accordance with 
the present invention; 
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FIG. 8 is side elevational schematic representa- 
tion of another flat field emission display, re- 
duced in size and greatly simplified, in accor- 
dance with the present invention; 
FIG. 9 is a partial side elevational schematic 
representation of still another embodiment of a 
flat field emission display in accordance with the 
present invention; and 

FIG. 10 is a graphical representation of the 
spatial field strength versus position in the struc- 
ture of FIG. 9 

Detailed Description of the Drawings 

Referring now to FIG. 1 there is depicted a 
partial side elevational schematic representation of 
an embodiment of a flat cold cathode electron 
emitter 10 incorporated into a field emission device 
12. Emitter 10 includes a substrate 13 having a 
layer 14 of low work function material, such as 
diamond or the like. An insulating layer 15 is de- 
posited on layer 14 so as to define an aperture 17 
therethrough. Generally, insulating layer 15 is 
formed of an oxide, such as silicon dioxide. A 
conductive layer 18 is deposited on insulating layer 
15 and forms an extraction gate for field emission 
device 12. An optically transparent viewing screen 
assembly 20 includes a transparent screen 21 hav- 
ing deposited thereon a layer 22 of material such 
as a cathodolumtnescent material layer and a con- 
ductive anode layer 23. 

Applying a sufficiently positive voltage on an- 
ode 23 relative to layer 14 (the cathode) causes 
layer 14 to emit electrons that are accelerated by 
the electric field between anode 23 and layer 14 
and impact anode 23 resulting in photons (light) 
being emitted from layer 22. Placing a dielectric or 
insulating layer 15 and conductive gate layer 18 on 
layer 14 allows control of the electric field at the 
surface of layer 14 by modulation of gate layer 18 
voltage. Thus, gate layer 18 controls the emission 
of electrons and a triode type device is formed. 
Typically, the field due to the anode/cathode bias 
is less than that required for electron emission to 
occur from layer 14. 

Computer modeling of the triode device in- 
dicates that the emission process is at least ex- 
ponentially thermionic and bordering on Fowler- 
Nordheim, which is even steeper than a single 
exponential in its dependence on the surface elec- 
tric field. Thus, small variations in the spatial field 
strength profile along the surface of layer 14 lead 
to large variations in spatial electron emission 
rates. 

For the structure of FIG. 1, with a diameter of 
D for aperture 17 and a thickness of h = D for 
insulating layer 15, the surface field at layer 14 
peaks at the edge of the gate (layer 18) and 



.0685869A1_I_> 



slumps in the center of aperture 17 as illustrated in 
FIG. 2. Referring to FIG. 2, a graphical representa- 
tion of the spatial field strength, e, versus position, 
P, in the structure of FIG. 1 is illustrated with the 

5 breaks in the field strength occurring at the edge of 
aperture 17. In the specific embodiment illustrated, 
the amount that the electric field slumps in the 
center of aperture 17 is approximately 3%. The 
electric field peaks at the edge of layer 18, causing 

10 emission current to be concentrated at layer 18 
and most of the emitted electrons to be collected 
by layer 18, resulting in high gate current and 
inefficient operation of field emission device 12. 
A further problem in the structure of FIG. 1 is 

is that if layer 18 is formed of diamond it is in direct 
contact with insulating layer 15, which is generally 
silicon dioxide (SiC>2). As has been noted by Geis 
et al. in an article entitled "Capacitance-Voltage 
Measurements on Metal-SiCb-Diamond Structures 

20 Fabricated with (100)- and (1 1 1 )-Oriented Sub- 
strates", IEEE Transactions on Electron Devices, 
Vol. 38, No, 3, March 1991, diamond is capable of 
injecting electrons efficiently into Si02. As has 
been demonstrated by hot electron reliability prob- 

25 lems in MOSFETs and EPROMs, charge injection 
over time causes the dielectric to eventually fail 
(conduct). Thus, field emission device 12 of FIG. 1 
has an inherent reliability problem. 

Referring now to FIG. 3, there is depicted a 

30 partial side elevational schematic representation of 
an embodiment of a flat cold cathode electron 
emitter 30 incorporated into a field emission device 
32 in accordance with the present invention. Emit- 
ter 30 includes a substrate 33 including a layer 34 

35 of low work function material, such as an electron 
emissive material exhibiting a surface work function 
of less than approximately 1.0 electron volts, e.g. 
diamond, diamond-like carbon material, non-cry- 
stalline diamond-like carbon material, aluminum 

40 nitride material or the like, disposed on a surface 
thereof (in this disclosure the term "disposed" re- 
fers to the formation of the layer by vapor deposi- 
tion, epitaxial or other growth, or otherwise 
formed). It should also be understood that layer 34 

45 can be formed of a plurality of layers, such as, for 
example, a bilayer of metal or ballast material and 
diamond or the like deposited thereover or a 
trilayer of metal, ballast material and diamond or 
the like. 

so A conductive contact layer 35, such as metal, 

heavily doped semiconductor material, etc. is dis- 
posed on the surface of layer 34. Contact layer 35 
is patterned so as to define an aperture 37 thereth- 
rough. An insulating layer 38 is disposed on layer 

55 35 so as to define an aperture 39 therethrough. 
Generally, insulating layer 38 is formed of an oxide, 
such as silicon dioxide (S1O2). A conductive layer 
40 is disposed on insulating layer 38 and forms an 

3 
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extraction gate for field emission device 32. Con- 
ductive layer 40 is patterned so as to define an 
aperture 41 therethrough. Aperture 37 through lay- 
er 35, aperture 39 through layer 38 and aperture 41 
through layer 40 are substantially coextensive and 
peripherally aligned so as to form one continuous 
aperture through layers 35, 38 and 40. In some 
instances the edges of apertures 37, 39 and 41 
may be slightly peripherally misaligned because of 
differences in patterning, etching, etc., but such 
differences are intended to come within the defini- 
tion of "substantially". In the present embodiment, 
apertures 37, 39 and 41 also have a circular cross- 
section and are coaxially aligned but it will be 
understood that other configurations can be used in 
specific applications. 

An optically transparent viewing screen assem- 
bly 42 includes a transparent screen 43 carrying 
thereon a layer 44 of material such as a cath- 
odoluminescent material layer and a conductive 
anode layer 45. In some instances, layer 44 is 
formed of or includes conductive material and acts 
as the anode to conduct electrical charges away 
from the surface. In some instances the cath- 
odoluminescent material layer does not conduct 
well and an additional layer 45 of conductive ma- 
terial may be added. In this embodiment, layer 45 
must be transparent (e.g.JTO or the like) and is 
deposited on the surface of transparent screen 43 
and cathodoluminescent material layer 44 is depos- 
ited on the surface of layer 45. This configuration 
allows for lower screen biases (approximately 
<3kv) because the lower velocity electrons do not 
have to pass through layer 45 to reach layer 44. 

In the specific structure of FIG. 3, with a diam- 
eter of D for apertures 37, 39 and 41 and a 
thickness of h for insulating layer 38, the surface 
field at layer 34 peaks at the center of the gate 
(layer 40) and drops to zero at the edges of ap- 
erture 37 generally as illustrated in FIG. 4. FIG. 4, 
is a graphical representation of the normal spatial 
field strength, t, versus position, P, in the structure 
of FIG. 3. 

In a specific embodiment of the present inven- 
tion, layer 34 is formed of diamond-like carbon, 
contact layer 35 is formed of metal and insulating 
layer 38 is formed of silicon dioxide (SiCb). With a 
thickness h = D for insulating layer 38 and contact 
layer 35 having a thickness equal to 20% of h, a 
centered parabolic field distribution results at the 
surface of layer 34 as illustrated in FIG. 4. Thus, 
the emission current of flat cold cathode electron 
emitter 30 is concentrated in the center of the 
aperture formed by apertures 37, 39 and 4t. The 
reason for the new field profile is most easily 
understood by realizing that contact layer 35 forces 
a zero in the normal field distribution on the surface 
of layer 34 at the edge of aperture 37. 
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Varying the thickness of contact layer 35 varies 
the shape of the field profile. That is, a thicker 
contact layer 35 causes a sharper field profile peak 
and a thinner contact layer 35 leads to a flattened, 
5 but still centered, field profile. Thickening contact 
layer 35 also decreases the field peak value by 
shielding the surface of layer 34. Typical reason- 
able values for thickness h of insulating layer 38, 
thickness of contact layer 35 and diameter D for 

w aperture 37 are: D = h = 1 micron; the thickness 
of contact layer 35 equals 0.2 microns; and the 
thickness of the gate (layer 40) is 0.2 microns. 

Referring to FIG. 5, one half cross-section of a 
simulated triode type field emission device 50 

75 (similar to field emission device 32 of FIG. 3) is 
illustrated in a computer simulation. In this com- 
puter simulation, a surface 51 serves as the emitter 
with a conductive layer 52, a dielectric layer 53 and 
a conductive gate layer 54 positioned thereon and 

20 defining an aperture 55 therethrough. A simulation 
boundary 56 (representing optically transparent 
viewing screen assembly 42) is positioned approxi- 
mately 4 microns from surface 51 . One half of 
layers 52, 53 and 54 are illustrated including one 

25 half of aperture 55 defined therethrough. The leg- 
end above simulation boundary 56 indicates dis- 
tance in microns from the center of aperture 55. A 
group of lines 57 are equipotential lines and a 
group of broken lines 58 indicate electron paths, or 

30 trajectories to simulation boundary 56. 

A further feature of field emission device 32 of 
FIG. 3 is illustrated in the computer simulation of 
FIG. 5. The simulation illustrates the electron tra- 
jectory modification, or focusing, caused by the 

35 presence of contact layer 35 (layer 52). Without 
contact layer 35 the electron trajectories diverge 
and spread (not shown) as they exit gate aperture 
41. The focusing effect of contact layer 35 is due 
to warping of the field lines caused by field retarda- 

40 tion because the normal field at the edge of contact 
layer 35 is forced to zero by contact layer 35. 

Another feature of field emission device 32 of 
FIG. 3 is that contact layer 35 is sandwiched be- 
tween diamond layer 34 and insulating layer 38 

45 (formed of silicon dioxide Si0 2 ) and prevents elec- 
tron injection from the diamond into the silicon 
dioxide. By preventing direct injection of electrons 
into the dielectric, injection induced reliability prob- 
lems are eliminated. 

50 Referring now to FIG. 6, there is depicted a 

partial side elevational schematic representation of 
another embodiment of a flat cold cathode electron 
emitter 60 incorporated into a field emission device 
62 in accordance with the present invention. Emit- 

55 ter 60 includes a substrate 63 having a layer 62 of 
conductive material, such as metal, heavily doped 
semiconductor material, etc. disposed on the sur- 
face of substrate 63. A layer 64 of low work func- 

4 



7 



EP 0 685 869 A1 



8 



tion material, similar to that described above for 
layer 34, is disposed on a surface of layer 62. A 
conductive contact layer 65 is disposed on the 
surface of layer 64 so as to define an aperture 
therethrough. An insulating layer 68 is disposed on 
layer 65 so as to define an aperture therethrough. 
A conductive layer 70 is disposed on insulating 
layer 68, forming an extraction gate for field emis- 
sion device 62, and is patterned so as to define an 
aperture therethrough. The apertures through layer 
65, layer 68 and layer 70 are substantially coexten- 
sive and coaxially and peripherally aligned so as to 
form one continuous aperture 71 completely encir- 
cled by layers 65, 68 and 70. An optically transpar- 
ent viewing screen assembly 72 includes a trans- 
parent screen 73 carrying thereon a layer 74 of 
material such as a cathodoluminescent material 
layer and a conductive layer 75. In this embodi- 
ment layer 75 covers layer 74 (forming an anode 
contact). 

Contact layer 65 of electron emitter 60 op- 
erates substantially as layer 35 in electron emitter 
30 of FIG. 3, described above. Additional conduc- 
tive layer 62 provides a better contact to layer 64 
of low work function material to improve the con- 
ductivity and, hence, the emission of electrons. 

Referring now to FIG. 7, there is depicted a 
partial side elevational schematic representation of 
an embodiment of a flat image display 100 in 
accordance with the present invention. A substan- 
tially optically transparent viewing screen assembly 
includes a transparent screen 101 having deposited 
thereon an energy conversion layer 1 1 1 of material 
such as a cathodoluminescent material layer and a 
conductive anode layer 110. An interspace insulat- 
ing layer 102, having interspace apertures 103 de- 
fined therethrough and which apertures define an 
interspace region, is disposed in this specific em- 
bodiment on conductive anode layer 110. Inter- 
space apertures 103 are formed with a generally 
circular cross-section and are surrounded by inter- 
space insulating layer 102. 

A plurality of electron emitters are defined by 
an electron emitter substrate 104 having disposed 
thereon a conductive layer 105 and an electron 
emission material layer 106 for emitting electrons. 
A conductive contact layer 107 is disposed onto 
the surface of electron emission material layer 106 
so as to define apertures therethrough. A substrate 
insulating layer 108 is disposed on contact layer 
107 so as to define apertures therethrough co- 
extensive and axially aligned with the apertures 
through contact layer 107. A conductive gate layer 
109 is disposed on substrate insulating layer 108, 
having apertures defined therethrough coextensive 
and axially aligned with the apertures through con- 
tact layer 107. The individual apertures through 
layers 107, 108 and 109 cooperate to form continu- 
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ous emitter apertures 142. For the embodiment 
depicted in FIG. 7 conductive gate layer 109 of 
electron emitter 140 is disposed on interspace in- 
sulating layer 102 such that emitter apertures 142 

5 are coextensive and in substantial registration with 
interspace apertures 103. It should also be noted 
that insulating spaces 143 separate portions of 
conductive gate layer 109, so that conductive gate 
layer 109 is divided into generally ring shaped 

10 portions, each of which substantially circumscribes 
a substrate aperture 142. Similarly, layers 105, 106 
and 107 are separated into individual rings by 
insulating spaces 144. Rows or columns of the 
various ring shaped portions can be electrically 

75 connected for control of individual electron emit- 
ters. 

Referring once again to FIG. 7 there are further 
depicted a number of electrical potential sources 
162, 164, and 166 each operably connected to one 

20 or more elements of the image display. For the 
purposes of the present discussion, and by no 
means as a limitation of operation, each of sources 
162, 164, and 166 may be operably connected to a 
reference potential such as, for example only, 

25 ground potential. A first source 162 is operably 
connected between conductive gate layer 109 and 
the reference potential. A second source 164 is 
operably connected between conductive anode 110 
and the reference potential. A third source 166 is 

30 operably connected between conductive layers 
105/107, sandwiching electron emissive material 
layer 106, and the reference potential. 

During operation of the image display appara- 
tus, electrons emitted from electron emissive ma- 

35 terial layer 106 traverse the extent of substrate 
apertures 142 and interspace apertures 103 to im- 
pinge on cathodoluminescent layer 1 1 1 wherein the 
electrons excite photon emission. Source 162 in 
concert with source 166 functions to control emis- 

40 sion of electrons. Source 164 provides an attractive 
potential which establishes a requisite electric field 
within interspace apertures 103 and provides for 
collection of the emitted electrons. Sources 162 
and 166 are selectively applied to desired portions 

45 of an array of picture elements in a manner which 
provides for controlled electron emission from as- 
sociated parts of electron emissive material layer 
106. Such controlled electron emission provides for 
a desired image or plurality of images observable 

so through faceplate 101. 

A partial side elevational schematic representa- 
tion of another embodiment of a flat image display 
100' in accordance with the present invention, is 
illustrated in FIG. 8, wherein features previously 

55 described in FIG. 7 are similarly referenced and a 
prime is added to all numbers to indicate a dif- 
ferent embodiment. As further depicted in FIG. 8, 
interspace insulating layer 102' is comprised of a 

5 
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stacked plurality of insulating layers 150* - 153* 
several of which layers has associated therewith a 
surface on which is deposited a conductive layer 
154* - 156* such as, for example only, molyb- 
denum, aluminum, titanium, nickel, or tungsten . 
Thus, individual conductive layers 154* - 156* are 
sandwiched between adjacent insulating layers 
150' - 153*. Although the depiction of FIG. 8 in- 
cludes four insulating layers with three conducting 
layers sandwiched therebetween, it is anticipated 
that fewer or more such conducting and/or insulat- 
ing layers may be employed to realize interspace 
insulating layer 102. It is further anticipated that 
some or all of insulating layers 150* - 153* may be 
provided without a conductive layer disposed 
thereon. 

Also depicted in FIG. 8 is an electrical potential 
source 168*, such as a voltage source, operably 
connected between a conductive layer, in this re- 
presentative example conductive layer 154', and 
the reference potential. Source 168' is selected to 
provide a desired modification to the electric field 
within interspace apertures 103* to affect emitted 
electron trajectories in transit to energy conversion 
layer 11V. Other electrical potential sources, not 
depicted, may be similarly employed at other of 
conductive layers 155* and 156' if desired. 

Referring now to FIG. 9, there is depicted a 
partial side elevational schematic representation of 
still another embodiment of a flat cold cathode 
electron emitter 30' incorporated into a field emis- 
sion device 32' in accordance with the present 
invention. The structure of FIG. 9 is similar to that 
of FIG. 3 and similar components are designated 
with similar numbers, all of the numbers having a 
prime added to indicate the different embodiment. 
Emitter 30' includes a substrate 33' including a 
layer 34' of low work function material' disposed on 
a surface thereof. As previously explained, layer 
34* can be formed of a plurality of layers of metal 
and/or ballast material and diamond or the like 
deposited thereover. 

A conductive contact layer 35' is disposed on 
the surface of layer 34'. Contact layer 35' is pat- 
terned so as to define an aperture 37' therethrough. 
An insulating layer 38' is disposed on layer 35' so 
as to define an aperture 39' therethrough. A con- 
ductive layer 40* is disposed on insulating layer 38' 
and forms an extraction gate for field emission 
device 32*. Conductive layer 40* is patterned so as 
to define an aperture 41* therethrough. Aperture 37* 
through layer 35', aperture 39' through layer 38' 
and aperture 41' through layer 40' are substantially 
coextensive and peripherally aligned so as to form 
one continuous aperture. 

Only single edges of apertures 37', 39' and 41' 
are illustrated in FIG. 9 but it should be understood 
that other edges may be present "far away" so 



they do not modify the field distribution of each 
other. Apertures 37*. 39' and 41' may have a large 
circular cross-section, they may be elongated 
channels, etc. The virtually separate edges of ap- 
5 ertures 37\ 39' and 41* allows the formation (e.g. 
by lithography/patterning) to be relatively gross and 
makes the structure relatively easy to fabricate. 

An optically transparent viewing screen assem- 
bly 42' includes a transparent screen 43' carrying 

w thereon a layer 44* of material such as a cath- 
odoluminescent material layer and a transparent 
conductive anode layer 45*. In this embodiment, 
layer 45' is deposited on the surface of transparent 
screen 43* and cathodoluminescent material layer 

75 44* is deposited on the surface of layer 45* to allow 
for lower screen biases. 

A simulated field distribution is illustrated 
graphically in FIG. 10 for the structure of FIG. 9 
wherein the normal spatial field strength, is plot- 

20 ted versus position, P, in the structure of FIG. 9. 
The field distribution at the surface of layer 34* 
causes the electron emission to occur away from 
the edge of layer 40* (the gate). Trajectory simula- 
tion shows that the emitted electrons miss the gate 

25 although the trajectories do diverge, i.e., they are 
not focused. Focusing of emitted electrons in em- 
bodiments similar to this can be accomplished, for 
example, with a structure similar to that illustrated 
in FIG. 8 by utilizing one or more of the additional 

30 conductive layers 154' - 156'. 

Thus, a new and improved cold cathode elec- 
tron emitter using patterned metal for electron 
emission control is disclosed. Because of the novel 
construction of the new and improved cold cathode 

35 electron emitter, electron injection into surrounding 
dielectrics is reduced or eliminated and extraction 
electrode current is substantially reduced. Also, this 
reduction in electron injection into surrounding 
dielectrics substantially reduces dielectric and, 

40 hence, device breakdown and greatly increases 
device reliability. The novel construction of the new 
and improved cold cathode electron emitter also 
improves operating characteristics and efficiency. 
In addition to the above advantages, the new and 

45 improved cold cathode electron emitter incorpo- 
rates automatic focusing of the electron beam at 
the distally disposed anode which improves the 
use of the emitter in displays and the like. Con- 
sequently, structurally sound image display appara- 

50 tus has been disclosed which does not employ 
discrete supporting spacers between the electron 
emitting layer and the cathodoluminescent layer. 

Claims 

55 

1. A flat, cold-cathode electron emitter (30) char- 
acterized by 

a substrate (33) having a relatively flat 
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surface; 

a low work function electron emission ma- 
terial layer (34) for emitting electrons support- 
ed on the surface of the substrate; 

a contact conductive layer (35) disposed 5 
on the low work function electron emission 
material layer (34) and having an aperture (37) 
defined therethrough; 

an insulating layer (38) disposed on the 
contact conductive layer (35) and having an 10 
aperture (39) defined therethrough substantially 
in peripheral alignment with the aperture (37) 
in the contact conductive layer (35); and 

a conductive gate layer (40) disposed on 
the insulating layer (38). 75 

2. A flat, cold-cathode electron emitter as claimed 
in claim 1 and further characterized in that the 
low work function electron emission material 
layer includes diamond material. 20 

3. A flat, cold-cathode electron emitter as claimed 
in claim 1 and further characterized in that the 
low work function electron emission material 
layer includes diamond-like carbon material. 25 

4. A flat, cold-cathode electron emitter as claimed 
in claim 1 and further characterized in that the 
low work function electron emission material 
layer includes non-crystalline diamond-like car- 30 
bon material. 



5. A flat, cold-cathode electron emitter as claimed 
in claim 1 and further characterized in that the 

low work function electron emission material 35 
layer includes aluminum nitride material. 

6. A flat, cold-cathode electron emitter as claimed 
in claim 1 and further characterized in that the 

low work function electron emission material 40 
layer includes an electron emissive material 
exhibiting a surface work function of less than 
approximately 1 .0 electron volts. 

7. A flat, cold-cathode electron emitter as claimed 45 
in claim 2 and further characterized in that the 
contact conductive layer includes metal. 

8. A flat, cold-cathode electron emitter as claimed 

in claim 7 and further characterized in that the 50 
insulating layer disposed on the contact con- 
ductive layer includes silicon dioxide. 

9. A flat, cold-cathode electron emitter as claimed 

in claim 1 and further characterized by a con- 55 
ductive layer (62) sandwiched between the 
substrate (63) and the low work function elec- 
tron emission material layer (64). 
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